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Background 
As part of the routine perioperative course, patient’s undergoing cardiac surgery are given neuromuscular blocking agents (NMBA) during 
anaesthetic induction. Following completion of their operation, they are transferred to the intensive care unit (ICU), where they are often 
weaned from respiratory and haemodynamic support and woken up within a few hours.  It has been documented that neuromuscular 
blockade (NMB) can remain for a number of hours post-operatively, and residual NMB can lead to respiratory complications, re-intubation 
and increased length of ICU and hospital stay1,2. The latest guidance on perioperative monitoring from the Association of Anaesthetists of 
Great Britain and Ireland (AAGBI) recommends NMB is monitored from induction of anaesthesia to return of consciousness3. This is done by 
measuring a train of four (TOF) ratio - a ratio greater than 0.9 is advised prior to extubation 4. There is, however, no provision for quantitative 
monitoring of residual NMB in the post-operative period at our centre; something which is also reported in the wider perioperative  
community 5,6. This study aimed to assess the prevalence of residual NMB and make recommendations for improvements in future practice. 

Results 
Thirty two patients (27M, 5F) in total were screened. Mean age was 57.6 
years. One male was excluded owing to a technical issue. Boluses of NMBA 
were given at induction, with some patients receiving additional intraoperative 
doses. Rocuronium (n=20 [median total dose 100mg]) was the most popular 
NMBA, followed by pancuronium (11 [12mg]) and vecuronium (1[20mg]). 


A total of 11 patients recovered to a TOF ratio >0.9 during the time studied 
and of these, the mean time to recovery from last dose of NMBA was 6h55m. 
Two patients had received single doses of pancuronium (8mg, 10mg), the 
other nine received rocuronium (two receiving multiple doses). 

A total of eight patients were identified as requiring NMB reversal due to their 
conscious level recovering more rapidly than the degree of NMB (4 had 
received pancuronium, 4 rocuronium). 

The remaining 12 patients had median TOF ratio of 0.62 prior to extubation 
(range 0-0.86), median time of measurement was 1h45m prior to extubation.


The graph below compares the rate of recovery to TOF ratio >0.9 between rocuronium and 
pancuronium. 9/20 patients dosed with rocuronium and 2/11 with pancuronium recovered to TOF 
ratio >0.9

Discussion 
There is great variation in the time taken to recover from neuromuscular blockade in this cohort. Without routine monitoring patients can 
experience inadequate recovery of neuromuscular function: in this study 12 patients were extubated without knowledge of a 
contemporaneous NMB level. A further eight patients received NMB reversal, as although they were suitable for extubation by standard 
practice, they continued to experience residual NMB as defined by TOF. Without TOF monitoring these patients would likely have been 
extubated with ongoing residual NMB - thereby increasing the chances of developing respiratory and other complications. 

With the availability of quantitative NMB monitors and reversal agents (such as sugammadex) this work suggests it may be possible to 
integrate such monitoring and reversal into the routine care of patients, in turn improving patient safety, reducing length of hospital stay and 
ensuring scarce resources are utilised most appropriately 7-9.

Limitations of the study include variation in TOF testing interval secondary to other ongoing interventions; sedation ceasing prior to 
confirmation of fully recovered NMB, and limited availability of equipment and trained staff for NMB monitoring.

Further sub-analysis is planned to investigate previously documented links between residual NMB and pre-operative renal function, age and 
weight; alongside work to determine the cost-benefit feasibility of implementing routine NMB monitoring in the post-operative period.

Methods 
Over the course of 3 months, 32 post-operative patients were observed. 
Criteria were: cardiac surgery, use of neuromuscular blockers and a post-
operative admission to the ICU. Patients had ulnar nerve train of four (TOF) 
testing with a quantitative neuromuscular stimulator (65 mAmps, Stimpod® 
Xavant), which produced the TOF ratio (4th twitch velocity/1st twitch velocity). 
Measurements were carried out at hourly intervals from arrival to ICU, whilst 
patients were sedated.  The test was stopped if the patient woke up or had 
TOF  ratio >0.9. The audit was registered with the Clinical Effectiveness Unit. 
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Conclusions 
• Existing evidence states residual neuromuscular blockade leads to 

respiratory complications and prolonged ICU stays 
• No current effective monitoring of residual neuromuscular blockade in cardiac 

surgical patients

• We propose routine monitoring (or reversal) to reduce risks to patient and 

costs to provider

Chart showIng the number of patients undergoing each surgical procedure

x-axis; time from arrival in ICU (hours), n=number of patients TOF tested 
Despite a large number of patients recovering to TOF=4, the proportion with ratio >0.9 
remained small at each time interval. Patients received reversal across all time points 
when they were waking up yet still displayed residual NMB as measured by TOF.


